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ABSTRACT 
Douglas-fir 2 by 4 beams of different grades were tested under various constant-load levels in a 
controlled environment to evaluate load duration and creep behavior. A two-parameter equation was 
used to model relative creep of wood beams free of partial fracture. Both parameters M and N of this 
equation vary considerably between specimens but can be highly correlated with each other, depending 
on the time base used to determine N. Stress level was partially correlated with M and N together, 
but with neither parameter alone. 
Additional matched beams were tested at near design loads in an unheated building to determine 
the effect of an uncontrolled environment on load duration and creep. Based on load duration results 
for the controlled environment already reported, load durations do not appear to have been shortened 
by the uncontrolled environment, although relative creep was considerably increased. 
The most important result of this study, which has implications for the safety of wood structures, 
is that more beams failed when loaded at near design stress than are commonly assumed would fail. 
This result, coupled with results from a previous study, suggests that Douglas-fir bending allowable 
properties should reflect greater load duration reduction factors or shorter load durations. This research 
is important to structural engineers and to code groups responsible for the safe design ofwood structures 
when establishing new design criteria for load duration and deflection limits. 
Keywords: Bending creep, relative creep, creep modeling, deflection, wood beams, lumber grade, 
controlled and uncontrolled environments, wood engineering, load duration, design criteria. 
INTRODUCTION 
This paper evaluates bending creep data obtained in a comprehensive study of 
the effect of lumber grade on duration of constant load (Gerhards 1988). It also 
evaluates constant load failures in wood beams during the first 3.5 years of a 
planned 10-year duration at near design levels of stress. Results contribute to 
knowledge about variations in creep characteristics of wood under both controlled 
and uncontrolled environments and load durations for long-time loading. 
Creep, the time-dependent deformation of material under stress, is an important 
material characteristic because it sometimes leads to structural failure as either 
excess deformation or worse as collapse. The effect of creep can be seen as sag or 
distortion in old wood structures. Floors may have a permanent sag as a result 
of transverse bending creep, or sides of beams may have differential amounts of 
creep over posts as a result of lateral crushing. Creep can occur longitudinally in 
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compression and tension, contributing to permanent sag in trusses. Accounting 
for lumber creep should result in better wood structures. 
Various equations have been proposed to model creep behavior (e.g., Holzer 
et al. 1989; Nielsen 1972; Schniewind 1968). Although none of the models pro- 
vides perfect fit of wood creep data, the power law creep model 
appears to fit bending creep data on clear wood (Clouser 1959) and lumber (Ger- 
hards 1985). In the power law model, D is total deflection, Do is the initial 
deflection resulting from constant load, T is total time under load, To is the time 
to apply the load, and A and M are constants to be evaluated. Experience has 
shown that the fit to Eq. (1) and other creep models to experimental data is very 
sensitive to Do. Therefore, Do must be considered a constant to be evaluated 
along with A and M. 
Recently, the four-element, five-parameter viscoelastic-viscous model (To = 0) 
was proposed as the best model for fitting chipboard creep data (Pierce et al. 
1985). Such an equation should be used with caution, because it is questionable 
whether a unique fit of creep data can be acquired; that is, some parameters may 
not be significantly different from zero. (For example, see problems associated 
with fitting a four-element, four-parameter model by Pierce and Dinwoodie 1977.) 
Note that Eq. (2) reverts to Eq. (1) if either 0, or P3 equals zero. 
Another form of the power law creep model 
relates relative creep (RC) to time. Note that A in Eq. (1) represents unit creep 
deflection (D - Do) at whatever the time unit of measure. For example, if T - 
To = 1 h, then A is the creep deflection 1 h after load. Similarly, N = A/Do 
represents the relative creep deflection at whatever the time unit of measure. 
As creep leads to collapse, load duration is another important lumber charac- 
teristic. Although several studies have evaluated load duration characteristics (for 
references, see Gerhards 1988), environmental effects on long-time loading have 
been neglected. Structural engineers need to know how load duration character- 
istics determined from short-term tests in a controlled environment relate to 
design loads of long duration in uncontrolled environments. 
EXPERIMENTAL PROCEDURES 
Controlled environment 
As most of the experiment was described in detail in Gerhards (1988), only a 
summary is given here with one exception. The exception concerns a related test 
phase that involves bending tests in an uncontrolled environment. 
The objectives of the experiment were to evaluate both the effect of lumber 
grade (ASTM 1981) on duration of load and a cumulative damage model to 
predict duration of load. Three grades of Douglas-fir 2 by 4 lumber were used: 
Select Structural (SS), No. 2, and No. 3. The lumber was specially selected to 
have a control knot in the central 24-in. length of each piece within the particular 
386 WOOD A N D  FIBER SCIENCE, JULY 199 1, V. 23(3) 
FIG. 1. Bending test apparatus. Load applied to specimen with low-friction air cylinder. Deflection 
measured by potentiometer attached to specimen and monitored by computer (not shown). 
(M 83 0172-2) 
lumber grade but to have warp characteristics restricted to SS. Control knots were 
not restricted in lateral location to either centerline or edge. With the exception 
of the tests in the uncontrolled environment, bending tests were carried out in a 
controlled environment (73 F, 50% relative humidity) using the test apparatus 
shown in Fig. 1 for the load durations indicated in Fig. 2. The beams were tested 
on an 84-in. span with symmetrically located load points 24 in. apart, and the 
control knot was stressed in tension. 
Three different series of step-constant load levels were applied: high, medium, 
and low (Fig. 2), depending on the level of load in the first step. The planned 
loads in the first step were equivalent to the 40th percentile of the static strength 
distribution for the high series, the 15th percentile for the medium series, and the 
5th percentile for the low series. The loads indicated in Fig. 2 represent the 
approximate 5th, 15th, 40th, and 70th percentiles of the estimated static strength 
distributions. For example (Fig. 2a), the 40th percentile step-constant load of 
1,123 Ib for SS was held for 7 days in the first step; then the load was raised to 
the 70th percentile at 1,501 Ib for SS and held for 14 days. Residual strengths 
of surviving specimens were determined at the end of a step-constant-load series 
as indicated by the upward-pointing arrows in Fig. 2. All changes in load, including 
residual strength determinations, were at the ramp loading rate of 300-lb bending 
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FIG. 2 .  Experimental load durations at 73"F, 50% relative humidity: (a) High step-constant-load 
series, (b) medium step-constant-load series, (c) low step-constant-load series. Change in step-constant- 
load levels within a series at 300 lb/min. One pound of load equals 5.13 lb/in.2 bending stress. 
(ML90 5368) 
388 WOOD AND FIBER SCIENCE, JULY 199 1, V. 23(3) 
load per minute. A set of 50 specimens was tested at each grade step-constant- 
load series indicated in Fig. 2; each set of a grade was matched to the others by 
equal distributions of static edgewise bending modulus of elasticity (E), with 
control knots stressed in tension. An additional 50-specimen set of SS matched 
to the other SS sets was loaded at 1,123 lb for 56.7 days (high extended). Specimen 
moisture contents in this experiment averaged 10%. 
In all the tests at 73 F, 50% relative humidity, deflections were measured with 
a precision potentiometer rigged to sense midspan bending deflection. The po- 
tentiometer was attached to a yoke that rested on rails located at the specimen 
neutral axis over the bending frame supports. A computer scanned the potenti- 
ometer outputs from all 50 specimens under a given load every 0.1 sec; a deflection 
reading was saved only when the last read value differed from the last saved value 
by a set increment, typically 0.015 to 0.025 in. Creep data had to be edited to 
eliminate spurious data because of intermittent electrical noise. 
Uncontrolled environment 
In this test phase, which was related to the main experiment, the objective was 
to determine how an uncontrolled environment affects constant-load duration. 
Fifty SS and 50 No. 2 specimens matched by grade and E-distribution to those 
used in the controlled environment have been under test for over 3.5 years out 
of a planned 10-year duration. The specimens have been carrying constant dead 
loads of 412.7 lb for SS and 232 lb for No. 2 on the same spans (support and 
load points) as used in the controlled environment study. As in the controlled 
environment tests, control knots in these dead load bending tests have been 
stressed in tension. Dead load testing has taken place in an unheated, enclosed 
building with some natural ventilation. 
The uncontrolled environment specimens were loaded by hand. It took about 
1 min to apply full load to a given specimen. Deflections were monitored as each 
preweighed steel weight was added to a load platform and several times during 
the first few hours after full load was attained. Because of the time needed for 
hand loading and monitoring, the 100th specimen was not loaded until more than 
30 days after the first specimen was loaded. 
The dead loads in the uncontrolled environment were chosen to represent 10- 
year design loads. Based on the original 100 static strength tests of each grade, 
dead loads were determined by dividing the 5th percentile static strengths by 1.62, 
the 10-year duration factor in common use. The 1.3 factor for safety was not 
included. Later, an improved estimate of static strength was determined by com- 
bining all ramp loading failure specimens (original static strength specimens and 
specimens that failed at loads below the first constant-load level) (Gerhards 1988). 
Results revealed that the 232-1b dead load times 1.62 represents the 8th percentile 
of the No. 2 static strength distribution. Note that the dead load is equivalent to 
2,120 lb/in.* for SS and 1,190 Ib/in.2 for No. 2. Current design bending stresses 
for Douglas-fir 2 by 4s in the dry use condition are 2,100 Ib/in.2 for SS and 1,450 
Ib/in.2 for No. 2. The higher design stress used for commercial No. 2 Douglas-fir 
reflects the inclusion of lumber downgraded for nonstrength characteristics such 
as warp and wane. 
Deflections of the uncontrolled environment specimens were monitored with 
a digital gauge (sensitive to 0.0005 in.) mounted in a rigid frame. The digital gauge 
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TABLE 1. Number of controlled environment specimens that failed at various stages of loading. 
Failed specimens in constant-load series' 
Under 
Upload to Under fint Upload to second Upload to Under third Ramp load 
Load tevels and first constant second constant third constant of s y i v i n g  






Medium (1 5-40) 
SS 
No. 2 
Low (5-1 5) 
SS 
No. 2 
Low (5-1 5-40) 
No. 3' 
Total 
a Each load series started with 50 specimens for each grade; NA means not applicable 
Numbers in parentheses indicate percentiles of static strength distribution. 
' No creep data. 
was zeroed in the rigid frame on a reference precision granite rail before specimen 
deflections were measured. The frame was designed to rest on marked spots on 
the upper beam surface over the supports to allow full-span deflection measure- 
ments. The upper surface at the marked spots and at the center was lightly planed 
and varnished to minimize surface imperfections. 
No attempt was made to model creep of specimens in the uncontrolled envi- 
ronment because daily and seasonal variations in the environment caused un- 
systematic changes in deflection. 
ANALYSES 
Several different bending creep properties were analyzed. Creep was modeled 
using Eqs. (1) and (3). Also analyzed were total bending deflection at selected 
times, relation of relative deflection to relative stress level (SL) and time, and 
effect of environment on relative creep and load duration. Note that deflections 
beyond the first step of a constant-load series are not evaluated in this paper. 
RESULTS AND DISCUSSION 
Controlled environment 
Table 1 shows the number of specimens tested in the constant-load series that 
failed during the various load histories. In the controlled environment experiment 
(Table 1) in which 450 specimens were tested, 1 13 specimens failed in uploading 
to the first constant-load level, leaving a potential 337 specimens for creep model 
evaluation. Of the 337 potentials, only 163 specimens had creep data that could 
be represented by the power model. Three reasons can be given for the reduced 
number of specimens: (1) missing creep data as result of a technical error in 
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FIG. 3. Examples of log-log plots of total deflection as a function of total time at test. (a) SS 
specimen without failure during first step of low step-constant-load test (668 lb). (b) No. 2 specimen 
of low step-constant-load test (375 Ib) with several partial failures (arrows) before complete failure. 
(ML 90 5369) 
starting deflection monitoring of 50 No. 2 and 50 No. 3 specimens in the medium 
step-constant-load series, (2) partial failure in some specimens during ramp load- 
ing, and (3) partial or total failure in other specimens early during the first step 
of constant load. 
Creep modeling using equations ( I )  and (3) 
Equation (I) was fit by nonlinear least squares to the constant-load deflection- 
time data for each specimen that had valid creep data; that is, apparent freedom 
from partial fracture for an extended period. Figure 3 shows two examples of 
deflection-time behavior during ramp uploading and under constant loading in 
log space. No failures are apparent in Fig. 3a, but several are highlighted by arrows 
in Fig. 3b. 
The estimated creep model parameters (Do, A, and M), along with In N[N = 
A/D, in Eq. (3)], are presented in Table 2 for SS, in Table 3 for No. 2, and in 
Table 4 for No. 3. The tables exclude specimens where Do differs from Do, by 
- t5% or more, the predicted deflection at end-of-ramp loading based on the 
linearized ramp loading-deflection relationship for a specimen. The tables also 
exclude short-time creep model (valid for < 1 day) specimens. A lack of direct 
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correspondence between Do and Do, can result from a significant component of 
creep or partial fracture occurring during ramp loading, particularly from higher 
stresses or from data that fit the creep model poorly. Of the 163 specimens with 
modeled creep data, only 90 specimens passed the restrictions on Do and 1 day 
(64 in Table 2, 21 in Table 3, and 5 in Table 4). 
Tables 2, 3, and 4 reveal considerable variation in parameters between speci- 
mens. For some perspectives on variation, consider the SS low constant-load data 
in Table 2. Coefficient of variation (COV) on E is 13%, a value consistent with 
graded lumber. For comparison, COV is 3 1 % for M, 1 5 5% for A, but only 2 1 % 
for In N. Outside of an expected high correlation between Do and E, only M and 
A or M and In N appear to be correlated. 
Plots of A as a function of M, not shown here, suggest an exponential relation- 
ship. Recall that for a given time base, A is the creep deflection at one unit of 
time after loading- 1 min for A values in Tables 2, 3, and 4; similarly, N is 
relative creep at 1 min after loading. The correlations are as follows: 
M on A r2 = 0.58 Linear 
M on In A r2 = 0.90 Exponential 
M on In N r2 = 0.94 Exponential 
These correlations show the improvement of an exponential assumption over a 
linear one and an additional improvement if creep deflection is normalized by 
dividing by initial deflection. A plot of M on In N for the 64 SS specimens (Fig. 
4) has the least squares fit of 
Although Fig. 4 summarizes the M and N coefficients of the creep model for 
SS specimens, it also in general represents the trend of M - In N data for No. 2 
and No. 3 specimens. The few exceptions in the trend are for No. 2 specimen 
frames 68 and 99 under low constant load and frame 110 under high constant 
load. 
In Fig. 4, note that the high constant-load data are within the right half of the 
scatter of data but that the medium and lower constant-load data essentially cover 
the full range. The more limited data for No. 2 and No. 3 specimens follow the 
same trend. 
Even though Eq. (4) has a high r2, a change in the time base for N changes how 
well M and In N are correlated. Consider the ith equation with an error term, ti: 
To change Ni in Eq. (5) from a minute base to an hour base, Ni must be multiplied 
by 60Mi. That is, 
Mi = a + b ln(N, x 6OM1) + 5 (6) 
When Eq. (6) is rewritten as 
the error term is confounded by the reciprocal of (1 - b In 60), thereby affecting 
TABLE 2. Creep model pararneters and related data for Select Structural specimens in a controlled environment.* 
Bending Creep model parameters' 
frame Constant-load Predicted E Model limit 




































TABLE 2. Continued. 
Bendlng Creep model parameters' 
frame Constant-load Predicted E Model limit 
number level" stress level ( x  LOh Ib/in.') Do (in.) M A (in.) In N (davs) DJD,. Tn 1s) 

























3 1 Low 
5 Low 
5 2 Low 
5 1 Low 
4 Low 
a Excludes specimens with 0.95 < DdD,, < 1.05 and with model only valid for less than I day. 
Ext. is extended. 
' Values of A and N based on tlme in minutes 
TABLE 3. Creep model parameters and related data for No. 2 specimens in a controlled environment.. 
- 
Bend~ng Creep model parameters" 
frame Constant- Predicted E Model limit 







6 7 Low 







8 2 Low 
68 Low 




55  Low 
' Excludes specimens with 0.95 < DdD,, < 1.05 and with model only valid for less than 1 day. 
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FIG. 4. Correlation of creep parameters, M and In N, for 64 SS specimens. (ML90 5370) 
correlation between M and In N. The change in r2 for the SS M - In N correlations 
resulting from a changing time base for N are as follows: 




Month 0.3 1 
Year 0.0 1 
Figure 5 shows how the relative positions of N change between specimens from 
one time base to another ( 1  min at the extreme left to 1 year at the extreme right), 
thereby affecting correlation with M. 
Another point of interest in Tables 2 and 3 is that relative SL is correlated to 
a combination of M and N but to neither alone. Stress level is the applied constant 
load divided by the estimated strength based on order of failure (see Gerhards 
1988 for details). Least squares fits of SL on M and In N (minute time base) for 
the 64 SS and 2 1 No. 2 specimens are 
These fits suggest that for any given value of N (e.g., Fig. 5), SL tends to increase 
with M. Equations (7) and (8) are significantly different. Incidentally, changing 
the time base of N does not change r2 for Eqs. (7) and (8); it changes only the 
coefficient of M. Equations (7) and (8) are of little more than academic interest 
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In time (min) 
FIG. 5.  Examples of how N changes with time base for several SS specimens (refer to Table 2) .  
(ML90 5371) 
because, in practice, one would want to predict how relative creep responds to 
SL, rather than the other way around. 
Total bending deflection at selected times 
To summarize deflection data, deflection values were interpolated at selected 
times from the record of actual specimen deflection times. Selected times, spaced 
approximately equal on a log scale, included end-of-ramp loading, 3,600 sec, and 
36,000 sec. Cumulative distributions of deflection, based on all 50 specimens in 
a set, at the selected times after start-of-ramp loading are presented in Fig. 6 for 
SS specimens and Fig. 7 for No. 2 and No. 3 specimens. 
Some general comments can be made concerning Figs. 6 and 7. First, because 
some specimens failed before the end-of-ramp loading, none of the cumulative 
distributions extends to the top of the figures. Second, the cumulative distributions 
shift toward larger deflections as time-under-load increases. The differences in 
deflection between any of the distributions and the end-of-ramp distribution reflect 
the creep portion of deflection. Third, the distributions stop at lower levels of 
probability as time-under-load increases, reflecting the loss of some additional 
specimens to failure with time-under-load. Fourth, deflections increase signifi- 
cantly with each constant-load level, i.e., low to high. 
Another more practical point needs to be considered. Each set of distributions 
in Figs. 6 and 7 can be thought of as representing a sample of structural lumber 
under a given constant bending load (50 specimens per set here). If the sample 
represents a structure, one could consider the structure to have failed, even under 
the low constant load, because more than the 5th percentile (strengthwise) spec- 
imen failed. In other words, the portions of specimens of interest to engineers 
were loaded too high to provide useful data for a deflection design criterion; their 
relative SLs were too high. However, the lower portions of the deflection distri- 
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FIG. 6 .  Cumulative distributions of SS specimen deflections at selected times in seconds after start 
of ramp loading. End-of-ramp loading is To in Table 3. (ML90 5382) 
butions represent specimens under lower relative SLs. The deflection data relative 
to initial deflection are evaluated next as they relate to SL. 
Relation of relative deflection to relative stress level and time 
Relative deflection (D/DoR) is total deflection divided by initial deflection, i.e., 
the deflection at end-of-ramp loading. Note that relative creep is obtained by 
subtracting 1 from relative deflection. 
Figure 8 shows the experimental relation between D/DOR, SL, and time for 
specimens at the low constant loads (SS and No. 2). Lower values of SL and 
consequently lower values of D/DoR have been excluded for clarity. All the data 
points represent surviving specimens, except for the highest SL at each indicated 
time. Ratios of D/DoR for the highest SLs were arbitrarily set at three times Do, 
for SS and two times Do, for No. 2, thus allowing estimates of upper trends for 
DID,, compared to SL at the designated times. The factors of 3 and 2 were chosen 
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FIG. 7. Cumulative distributions of No. 2 and No. 3 specimen deflections at selected times in 
seconds after start of ramp loading. End-of-ramp loading is To in Tables 4 and 5. (ML90 538 1) 
for scaling purposes. The most conservative value of DID,, for the highest SLs 
is infinity, resulting in vertical upper trends. 
Upper trend lines at the selected experimental times are shown in Fig. 9 along 
with a probable range for a 10-year load duration extrapolated from the experi- 
mental time trend lines. These trend lines can be used as deflection limit criteria. 
For example, if total deflection in 10 years was limited to three time initial 
deflection, then load should not exceed about 52% of static strength for SS spec- 
imens or about 46% of static strength for No. 2 specimens. 
Uncontrolled environment 
Creep deflection. -Select Structural and No. 2 specimens under constant dead 
load in an uncontrolled environment exhibited relatively large increases in de- 
flection between about 175 and 2 10 days (Fig. 10). The large increases in deflection 
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FIG. 8. D/D,, relative to SL and time for low step-constant-load specimens. Excludes specimens 
with SL <0.4  for 364 days, <0.5 for 36 days, <0.6 for 3.6 days, and <0.7 for 10 h. (ML90 5372) 
occurred between the end of August and the end of October during the first year 
of loading. Also, small up and down changes apparently occurred at least during 
the first 100 days. These increases or changes suggest environmental effects, and 
consequently no attempt was made to model creep in the uncontrolled environ- 
ment. Creep deflection proceeded to failure in 6 of the 50 SS specimens and in 8 
of the 50 No. 2 specimens. These failures are discussed later with respect to load 
duration. 
Cumulative frequencies of total deflection (compared to creep deflection in Fig. 
10) for the 50 SS and 50 No. 2 specimens are shown in Fig. 11 at selected times 
during the first 3.5 years of constant dead load in the uncontrolled environment. 
As for cumulative frequencies of deflections in the controlled environment, those 
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FIG. 9. D/D,, relative to SL and time overlaid with maximum predicted trend lines. (ML90 5373) 
of Fig. 11 exhibit similar increased deflections with time. However, much fewer 
specimen failures are evident in Fig. 1 1 than in the previous figures, owing to the 
much lower level of sustained constant load. 
Relative creep. -Relative creep data (D - Di)/D,, where Di is initial deflection 
for the uncontrolled environment, are summarized in Fig. 12 at different percen- 
tiles of the sample populations of SS and No. 2 specimens. 
Three points are of interest in the relative creep percentile curves. First, the SS 
specimens have a tighter distribution of relative creeps than the No. 2 specimens, 
both at the start and at later times. Second, the large increases in deflections during 
the first year shown in Fig. 10 are evident in the total sample population. Third, 
for at least 10% of both sample populations, deflections increased to more than 
double the initial deflections in less than 2 years, and if the trend continues as 
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FIG. 10. Examples of creep deflection in an uncontrolled environment. (a) SS D, = 0.484 in., 
(b) No. 2 Do = 0.357 in. (ML90 5374) 
shown in Fig. 12b, 50% of the No. 2 specimens will have doubled their initial 
deflections in 10 years. The early doubling of initial deflection is contrary to the 
long time assumed for doubling at design levels of stress. 
Comparison of creep between constant and 
uncontrolled environments 
To include all load levels for comparison, relative creep values were determined 
for each load level and environmental condition at the sample population 20th 
percentiles (Fig. 13). Relative creep bases are slightly different between controlled 
and uncontrolled environments because of the different methods of recording 
data: automatic by computer for controlled environment and manual for uncon- 
trolled environment. The initial deflection was recorded for each specimen when 
loaded individually in the uncontrolled environment; however, the actual initial 
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FIG. 1 1. Cumulative frequencies of total deflections of SS and No. 2 specimens at selected times 
during the first 3.5 years under sustained constant load in an uncontrolled environment: (a) 50 SS 
specimens, (b) 50 No. 2 specimens. (ML90 5375) 
deflection under constant load for the controlled environment was seldom saved 
in the automatic recording process. Although the actual initial deflection was used 
as the basis for relative creep in the uncontrolled environment, the base for relative 
creep in the controlled environment specimens was Do,, the predicted deflection 
at end-of-ramp loading based on the linearized ramp loading-deflection relation- 
ship for a specimen. The Do, value does not account for any creep or partial 
fracture during ramp loading. Thus, relative creep values should be higher, the 
higher the level of constant load, implying higher short-term relative creep values 
for the controlled environment. 
In Fig. 13, No. 2 specimens tend to have higher relative creep than SS specimens, 
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FIG. 13. Comparison of relative creep at 20th percentile of sample populations in controlled and 
uncontrolled environments. No. 2 and SS Valley View are for uncontrolled environment, others for 
controlled environment. (ML90 5378) 
FIG. 12. Relative creep at specified percentiles of the sample populations of SS and No. 2 specimens 
under sustained constant load in an uncontrolled environment: (a) SS, (b) No. 2. 
(ML90 5377, ML90 5376) 
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TABLE 5. Predicted stress levels and failure times of specimens under sustained constant load during 
3.5 years in an uncontrolled environment. 
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" Based on dividing the 412.7-lb constant load by the predicted static strength [see Eq. (4), Gerhards 19881. 
Vased  on divlding the 232-lb constant load by the predicted static strength [see Eq. (3, Gerhards 19881. 
and high constant loads tend to have higher relative creep than low constant loads. 
(Relative creep for SS medium constant load was very similar to SS low constant 
load; therefore, it was omitted from Fig. 13 for clarity.) 
The most important fact revealed in Fig. 13 is the effect of environment type 
on relative creep. Whereas relative creep at 1 day was lowest for the uncontrolled 
environment, as a result of the different basis and perhaps lower load level, relative 
creep rates become higher with time for the uncontrolled environment, particularly 
by 100 days and beyond. Figure 13 thus provides definite proof that an uncon- 
trolled environment causes more creep than a controlled environment while wood 
beams are sustaining constant load. After 1 year, beams in the uncontrolled 
environment have attained more than twice the relative creep of beams in the 
controlled environment. 
Load duration 
Times to failure during the first 3.5 years of sustained constant loading in the 
uncontrolled environment are listed in Table 5 for the 6 SS and the 8 NO. 2 
specimen failures along with predicted SLs based on Eqs. (4) or (5) from Gerhards 
(1988). The sustained constant-load times to failure are plotted in Fig. 14 for SS 
and Fig. 15 for No. 2 for comparison with previous load duration data at the 
higher constant loads for the controlled environment (Gerhards 1988). 
Note that the trend for relative creep between the two types of environments 
is not readily apparent in the load duration data. Although the SS trend appears 
to be toward shortened failure times in the uncontrolled environment after about 
3 years, no such trend is apparent for No. 2. Proof of an uncontrolled environ- 
mental effect (unheated room conditions), if any, must await the completion of 
the planned 10-year load duration of the tests in the uncontrolled environment. 
Also, see recent research on controlled environmental effects (Fridley et al. 1989a, 
b, 1990). 
The number of failures in the uncontrolled environment supports the need for 
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FIG. 14. Relation between time to failure and SL in SS specimens. Arrows indicate incomplete 
tests. Solid line indicates regression; broken line indicates alternate regression with SL as dependent 
variable. Data point +, 412.7 Ib (uncontrolled environment). Other data points from Gerhards (1988, 
controlled environment). (ML90 5379) 
a change in design criteria previously suggested by the study on grade effects 
(Gerhards 1988). Recall that the 2 by 4s were loaded at near design levels. The 
1.62 factor used in setting the loads is commonly associated with a 10-year full 
design load with the implication that only 5% of beams should fail in 10 years. 
Because of the applied loads used here, only 5% of SS specimens and 8% of 
- - 
Loportthm o f  Itme on c o n s t a n t  l o o d ,  rnln 
FIG. 15. Relation between time to failure and SL in No. 2 specimens. Arrows indicate incomplete 
tests. Solid line indicates regression; broken line indicates alternate regression with SL as dependent 
variable. Data point +, 232 Ib (uncontrolled environment). Other data points from Gerhards (1988, 
controlled environment). (ML90 5380) 
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No. 2 specimens should have failed within 10 years. However, in the samples 
under load for a planned 10-year duration, 12% of the SS and 16% of the No. 2 
have failed in less than 3.5 years (Table 5). Indeed, 6% of the SS specimens failed 
in less than 2% years, and 8% of the No. 2 specimens failed in less than '/z year. 
To date, these results suggest that those responsible for safe wood designs need 
to apply a greater reduction factor for a 10-year full design load for Douglas-fir 
in bending. 
CONCLUSIONS 
Several conclusions may be derived from this study. The most important is 
that the 1.62 reduction factor for 10-year full design load is liberal for Douglas- 
fir lumber in bending. The results to date from the planned 10-year loading tests 
support previous load-duration results (Gerhards 1988), which indicate a shorter 
associated load duration should be considered by those responsible for safe wood 
structural design. Another important conclusion is that load durations to failure 
do not appear to have been shortened by an unheated uncontrolled environment, 
at least during 3.5 years of loading, compared to predicted values from test results 
for a controlled 70 F, 50% relative humidity environment. This is true even though 
relative creep is considerably greater in the uncontrolled environment than in the 
controlled environment. 
The relative creep of wood beams that do not have partial failure can be modeled 
using Eq. (3). The parameters M and N of that creep model vary considerably 
between specimens but can be highly correlated with each other, depending on 
the time base used to determine N. Stress level is partially correlated with M and 
N together but with neither parameter alone. 
Contrary to the long time assumed for deflection doubling, at least 10% of both 
Select Structural and No. 2 beams in the unheated, uncontrolled environment 
doubled their initial deflections in less than 2 years, and 50% of the No. 2 beams 
appear to be headed for doubling in 10 years. 
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